Introduction
============

Oral mucosa reflects the general health of the body. The oral mucosa however strong and elastic to perform various functions may still be subjected to scores of insults. Insults may come in the form of multiple habits like chewing pan, tobacco, betel nut, smoking, alcohol drinking, which with the passage of years, leave their marks on the oral mucosa. The most unhealthy and dangerous entities associated with these habits are the clutches of oral cancer \[[@b1-cm-93-273]\].

Tobacco habits are practised in various different forms, and many of them are specific to some regions of India. A number of lesions have been reported among tobacco chewers and smokers \[[@b2-cm-93-273]\]. All parts of the oral cavity are susceptible to cancer from tobacco smoking or chewing, including the lip, tongue, buccal mucosa and masticatory mucosa. The mouth is the only site which permits viewing with the naked eye the ravages of smoked and smokeless (chewing) tobacco \[[@b3-cm-93-273]\].

Histological changes of the oral mucosa have been reported in association with tobacco use \[[@b4-cm-93-273],[@b5-cm-93-273]\]. Tobacco consumption affects the epithelium of the oral mucosa and results in the appearance of tissue. This alteration in mucosa may lead to the thickening of the epithelium and increase in pigmentation. Tobacco has an irritating effect on the minor salivary gland and increases a person's risk for oral cancer. The changes taking place in the oral epithelium are responsible for alteration in the morphology of exfoliated cells. The exfoliated cells show tobacco-induced mucosal changes. These changes can be examined with the help of exfoliative cytological technique \[[@b6-cm-93-273]--[@b9-cm-93-273]\]. Cytodiagnosis that is the use of cytology in the diagnosis is an old method of diagnosis. Exfoliative cytology offers a simple, quick, painless, bloodless and noninvasive technique that can be repeated frequently with little discomfort to the patient \[[@b10-cm-93-273]\].

The smear obtained by exfoliative cytology can be analyzed quantitatively and qualitatively \[[@b11-cm-93-273]\]. With advancements in the field of quantitative oral exfoliative cytology, various parameters such as nuclear size, cell size, nuclear-to-cytoplasmic ratio, nuclear shape, nuclear discontinuity, optical density and nuclear texture can be evaluated collectively in order to establish the diagnosis of premalignant and malignant lesions \[[@b12-cm-93-273]--[@b17-cm-93-273]\]. Of these parameters, the nuclear and cytoplasmic area and the nuclear-to-cytoplasmic ratio have been shown to be significant in the diagnosis of oral lesions \[[@b18-cm-93-273]\]. The variations obtained in these parameters have been attributed to exposure to carcinogenic agents like tobacco \[[@b13-cm-93-273]\].

The alterations in the size of the cell and nuclei have been observed in premalignant and malignant lesions \[[@b11-cm-93-273],[@b13-cm-93-273]\]. Taking this into consideration, the present study was carried out to assess the effect of tobacco smoking and tobacco chewing, on the oral mucosa and to compare the cytomorphology of cells collected from oral leukoplakia lesions of the oral mucosa of tobacco users with those of tobacco non-users.

Methods
=======

The study included 2 groups: habit group \[tobacco smoking (TS), tobacco chewing (TC), tobacco smoking and chewing (TSC)\] andcControl group. All the subjects from both genders in the study groups practised tobacco habits for more than ten years. None of the group members was on any medication or treatment. Each habit group consisted of 30 tobacco users with oral leukoplakia lesions with mild epithelial dysplasia only, and biopsy was taken with written consent for each case for confirmation of clinical diagnosis. The oral epithelial dysplasia was diagnosed according to the WHO 2005 classification(19). The control group consisted of 30 non-users (NU) of tobacco, betel quid and alcohol.

The information about the habit (i.e. duration and frequency of smoking and chewing, overnight placement of tobacco quid inside the oral cavity and use of alcohol) was recorded for each individual in detail. All the individuals of any group were over 40 years of age. Alcoholic, diabetic and anemic individuals of any group were excluded from this study.

Following written consent, oral exfoliative cytological smears were prepared from lesions of buccal mucosa immediately before biopsy in the habit groups and from buccal mucosa in the non-users group. Patients were asked to rinse the oral cavity with normal saline. The oral mucosa was dried with gauze swab to remove surface debris and excess saliva. Smears were obtained using a gentle scraping motion exerting little pressure with a wooden spatula moistened with normal saline. The scraps were smeared onto the center of the glass slide and spread over a large area preventing clumping of cells. Then smears were fixed immediately in 95% ethyl alcohol for 1 hour and stained with the Papanicolaou stain. The cytomorphometric analysis was determined using the Software (Dewinter Biowizard 4.1 image analysis system). The smears were placed on Labomed^™^ ATC2000 microscope, and the cells were projected onto the monitor via Sony W35 colour video camera at ×400 magnification. All the examinations were performed by a single-blinded examiner.

Only clearly defined cells were measured, avoiding clumped or folded cells and unusually distorted nuclei and cells. One hundred cells were selected by systemic sampling in a stepwise manner, moving the microscope stage from left to right and then down and across in order to avoid measuring the same cell again. For cytoplasmic area (CA) and nuclear area (NA) measurement, the perimeter of the cell and nucleus was measured by drawing nuclear and cell boundaries using the digital cursor ([Figure 1](#f1-cm-93-273){ref-type="fig"}). The nuclear/cytoplasmic area (NA/CA) ratio was calculated. Statistical analyses were carried out by the independent samples t-test, the least significant procedure (LSD) and analysis of variance (ANOVA) using SPSS (v16.0 for windows, IL, USA) software.

Results
=======

Distribution of study groups according to gender shows that tobacco smokers (96.67%) in males were maximum in number followed by smoking and chewing group (86.67%), chewing group (70%), and non-users (56.67%) whereas in females non-users outnumbered the tobacco users ([Table I](#tI-cm-93-273){ref-type="table"}). All the subjects in the study groups practised tobacco habit for more than ten years. The CA, NA and NA/CA ratio values are plotted separately in the form of box plots ([Figure 2](#f2-cm-93-273){ref-type="fig"}). These illustrate the range of values observed and the box indicates the distribution of central 50% of data. The line within the box represents the median value, with the 25% of values above and below the median completing the box. There was a progressive reduction in mean CA from non-users to tobacco smokers through tobacco chewers to combined habit group ([Table IIA](#tII-cm-93-273){ref-type="table"}). The NA was progressively increased from non-users to tobacco chewers through combine habit group to tobacco smokers ([Table IIB](#tII-cm-93-273){ref-type="table"}).

ANOVA (analysis of variance) showed a significant effect for CA and NA in all habit groups with leukoplakia. There was a significant difference (by LSD procedure, *P*=0.05) in the mean value of CA between the control group and tobacco groups. There was also a statistically significant (*P*\<0.05) reduction in CA from smokers to chewers, and mixed habit groups, respectively. A significant (*P*\<0.001) difference was found in CA of smokers and chewers. The mean NA values showed a statistically significant increase (by LSD procedure, *P*=0.05) in NA for all habit groups with leukoplakia as compared to non-users. There was also a statistically significant (*P*\<0.001) difference for NA between the habit groups.

The mean NA/CA ratio values showed a statistically significant increase (by LSD procedure, *P*=0.05) in NA/CA ratio for all habit groups with leukoplakia as compared with non-users ([Table IIC](#tII-cm-93-273){ref-type="table"}). There was also a statistically significant difference for NA/CA ratio between the habit groups, except between smoking and combined habit group (*P*=0.225). There was no significant difference (by independent samples t-test, *P*=0.05) in the cytoplasmic area and the nuclear area between men and women for the control group.

Discussion
==========

Epidemiological and clinical studies suggest a causative role of tobacco use in the evolution of oral precancerous and cancerous lesions. Leukoplakia is the most frequent premalignant lesion of the oral cavity \[[@b20-cm-93-273]\]. Association of leukoplakia and tobacco chewing has been demonstrated in prospective studies as well as in case-control studies \[[@b21-cm-93-273]\]. Prevalence of leukoplakia in regular smokeless tobacco users ranges from 3.5% to 22% \[[@b22-cm-93-273]\]. Risk of oral leukoplakia is 4--6 times higher in smokers than non-smokers \[[@b20-cm-93-273]\]. Tobacco associated leukoplakia becomes even more complicated in cases of mixed habits of tobacco chewing and smoking \[[@b23-cm-93-273],[@b24-cm-93-273]\].

In the present study, there was a predominance of the male population over the female in all the groups. Male dominance can be related to cultural characteristics. Men generally practice tobacco chewing habits early in their adolescence and continue their habits until old age. There was no significant difference (by independent samples t-test, *P*=0.05) in the cytoplasmic area and the nuclear area between men and women for the control group. Cowpe et al. in his study considered that the gender of the patient does not influence the cellular or nuclear diameter of normal mucosal cells \[[@b25-cm-93-273]\]. According to previous studies, there is no significant difference in cell and nuclear size over 40 years of age(26--28). So all the individuals in this study were over 40 years of age.

The use of alcohol with tobacco has been considered as an essential risk factor for oral cancer \[[@b29-cm-93-273],[@b30-cm-93-273]\]. Alcohol drinking with tobacco use has a synergistic effect on the risk of oral cancer. So, subjects with alcohol habit were excluded from this study. The cellular changes have been observed in oral epithelial cells of tobacco users as early malignant changes \[[@b31-cm-93-273],[@b32-cm-93-273]\]. The epithelium from both tobacco smoking and chewing individuals showed an increase in cell proliferation as compared to the nonuser of tobacco \[[@b3-cm-93-273]\].

The decrease in the cell diameter and increase in the nuclear diameter are two significant morphologic changes required for replication that occur in actively proliferating cells. In the beginning, there is a reduction cell ability to differentiate into its more mature cell. Moreover, the cells related to the nucleoplasm reduces the amount of its cytoplasm. So the cell diameter decreases and the nuclear size increases. This may be related to the rise in the nuclear contents required for replication. As a result, there is an increase in the nuclear to cytoplasmic ratio to an extreme degree \[[@b33-cm-93-273]\].

In the present study, there was a significant reduction in the cytoplasmic area (CA) and an increase in the nuclear area (NA) of all habit groups with leukoplakia as compared to the control group. Einstein et al. reported a reduction in cellular diameter and increase in nuclear diameter in buccal squames of tobacco users in south Indian population \[[@b34-cm-93-273]\]. Ramesh et al. also reported a significant decrease in cell size and a substantial increase in nuclear size from healthy cells to mucosal lesions with dysplasia and further dysplasia to squamous cell carcinoma \[[@b35-cm-93-273]\]. Lavanya et al. reported similar findings from standard samples to lesions with a white patch and further from red areas to squamous cell carcinoma in reverse smokers \[[@b36-cm-93-273]\].

Franklin et al. \[[@b37-cm-93-273]\] in his research observed the reduction in cell diameter at the dysplastic stage. The cells became smaller in comparison to the size seen in carcinomas. There was an increase in nuclear size followed by dysplasia and squamous cell carcinoma in experimental lesions on hamster cheek pouch epithelium \[[@b37-cm-93-273]\]. Shabana et al. also observed increase the nuclear area from the normal epithelium to traumatic keratosis, leukoplakia and their highest value in squamous cell carcinoma \[[@b38-cm-93-273]\]. Cowpe et al. found that tissues undergoing malignant transformation typically showed a reduction in the cytoplasmic area before an increase in the nuclear area \[[@b25-cm-93-273]\].

The nuclear/cytoplasmic ratio represents the significant changes that occur in the cell at a morphological level \[[@b17-cm-93-273]\]. Alterations in nuclear/cytoplasmic ratio are included among the criteria for dysplastic changes \[[@b8-cm-93-273]\]. In the present study, there was a significant increase in the nuclear/cytoplasmic area ratio of all habit groups with leukoplakia as compared to the control group. Hillman et al. reported a higher nuclear/cytoplasmic ratio in heavier smokers \[[@b39-cm-93-273]\]. Bharath et al. observed a significant increase in mean nuclear/cytoplasmic ratio from standard samples through lesions to squamous cell carcinoma in reverse smokers \[[@b36-cm-93-273]\]. Cowpe et al. \[[@b25-cm-93-273]\] also found considerable elevation in mean nuclear/cytoplasmic ratio of the abnormal oral mucosal squamous cell. This was due to a significant increase in the mean nuclear area and a reduction in the mean cytoplasmic area \[[@b25-cm-93-273]\].

In the present study, the mean cytoplasmic area was lowest in the combined habit group followed by chewing group and smoking group. The mean nuclear area was highest in the smoking group, followed by combined habit group and chewing group.

Hence mean nuclear/cytoplasmic area ratio was highest in combined habit group followed by the smoking group and chewing group. This aim that the combined habit of smoking and chewing causes predisposes oral mucosa to oral cancer as compared to a single habit. These cytomorphometric changes may be due to the effect of tobacco (smoking and chewing) on epithelial cells and its relation in the development of oral premalignant and malignant lesions \[[@b13-cm-93-273],[@b35-cm-93-273]\]. The reduction in cellular diameter and increase in nuclear diameter can be an early indication of malignant changes, and this reflects the dysplastic changes taken place in premalignant lesions as compared to the normal oral mucosa. So, the premalignant lesions can be considered an intermediate stage in the range from normal to carcinoma \[[@b36-cm-93-273]\].

The cellular changes occur at the molecular level during the transformation of healthy tissue to premalignancy or malignancy, before they are seen under the microscope and much before clinical changes become evident. Identification of high-risk oral premalignant lesions and intervention at premalignant stages can play an important key role in reducing mortality, morbidity and cost of oral squamous cell carcinoma associated treatment \[[@b40-cm-93-273]\].

This study has assessed cytomorphometrical changes associated with the effect of tobacco use in leukoplakia and the results show that the alterations observed in the exfoliated buccal squamous of tobacco users are similar to those noted in histopathological sections of premalignant lesions resulted from the increased cellular activity. Therefore, this study supports the cause-effect relationship between tobacco use and oral precancer and cancer. The study has a limitation of a smaller sample size. Since the tobacco habits are prevalent in a large population, further studies are required with a larger sample size.

Conclusion
==========

Cytomorphometric changes can be the earliest indicator of cellular and nuclear alterations. These changes suggest the influence of tobacco on the oral epithelium from normal to dysplasia, which can be useful for early indication of progression to the premalignant lesion. Exfoliative cytology, along with cytomorphometric analysis, can be of value for monitoring clinically suspicious lesions for early detection of malignancy. Exfoliative cytology can be of value as an adjunct to biopsy and also helps in the determination of the best site for biopsy for widespread white patches.
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###### 

Distribution of study groups according to gender.

  Study Group                         Total No. of samples   Sex           
  ----------------------------------- ---------------------- ------------- -------------
  Non users (NU)                      30                     17 (56.67%)   13 (43.33%)
  Tobacco smoking (TS)                30                     29 (96.67%)   1 (3.33%)
  Tobacco chewing (TC)                30                     21 (70%)      9 (30%)
  Tobacco smoking and chewing (TSC)   30                     26 (86.67%)   4 (13.33%)

###### 

Comparison of mean cytoplasmic area (CA) values, nuclear area (NA), nuclear and cytoplasmic area (NA/CA) of study groups.

  A. Comparison of mean cytoplasmic area (CA) values of study groups                            
  --------------------------------------------------------------------------------------------- ------------------------------------
  Study Group                                                                                   Cytoplasmic Area (Mean μm^2^ ± SD)
  Non users (NU)                                                                                4133.06±122.76
  Tobacco smoking (TS)                                                                          3642.64±95.09
  Tobacco chewing (TC)                                                                          3559.67±113.81
  Tobacco smoking and chewing (TSC)                                                             3336.96±163.87
  **B. Comparison of mean nuclear area (NA) values of study groups**                            
  Study Group                                                                                   Nuclear Area (Mean μm^2^ ± SD)
  Non users (NU)                                                                                97.44±5.91
  Tobacco smoking (TS)                                                                          130.58±4.65
  Tobacco chewing (TC)                                                                          114.26±6.18
  Tobacco smoking and chewing (TSC)                                                             122.22±5.83
  **C. Comparison of mean nuclear and cytoplasmic area (NA/CA) ratio values of study groups**   
  Study Group                                                                                   NA/CA ratio (Mean μm^2^ ± SD)
  Non users (NU)                                                                                0.0236±0.00098
  Tobacco smoking (TS)                                                                          0.0359±0.0022
  Tobacco chewing (TC)                                                                          0.0322±0.0028
  Tobacco smoking and chewing (TSC)                                                             0.0368±0.0032

SD: Standard Deviation
